Tea plant (Camellia sinensis (L.) O. Kuntze) is affected by abiotic stress during its growth and development. DNA-binding with one finger (Dof) transcription factors (TFs) play important roles in abiotic stress tolerance of plants. In this study, a total of 29 putative Dof TFs were identified based on transcriptome of tea plant, and the conserved domains and common motifs of these CsDof TFs were predicted and analyzed. The 29 CsDof proteins were divided into 7 groups (A, B1, B2, C1, C2.1, C2.2, and D2), and the interaction networks of Dof proteins in C. sinensis were established according to the data in Arabidopsis. Gene expression was analyzed in "Yingshuang" and "Huangjinya" under four experimental stresses by qRT-PCR. CsDof genes were expressed differentially and related to different abiotic stress conditions. In total, our results might suggest that there is a potential relationship between CsDof factors and tea plant stress resistance.
Introduction
Transcription factors (TFs), also known as trans-acting factors, are proteins that recognize and bind specific DNA sequences. These TFs can not only participate in various biological processes to activate or repress plant metabolic [1] , but also act as regulators in the process of stem elongation and seed development [2] . Furthermore, some TFs could also increase plant resistance and grain yield [3, 4] .
DNA-binding with one finger (Dof) family is a transcription factor family in plants [5] . The first Dof gene was found in maize [6] . Dof TFs play a role in transcriptional regulation, which is characterized by an N-terminal highly conserved DNA-binding domain and a C-terminal domain [6] [7] [8] . Additionally, Dof TFs generally comprise 200-400 amino acid residues with a Dof domain which functions as a Cys2/Cys2 zinc finger domain [9] . Dof TFs regulate the expression of genes involved in plant development and defense processes, such as seed maturation and germination [10] [11] [12] , plant defense mechanisms [13] , photoperiodic flowering time [14, 15] , and secondary metabolism [16] .
In higher plant, there were various amounts of Dof TFs. Based on genome or transcriptome sequences, a total of 20, 36, 38, 42, 76 , and 78 Dof TFs have been identified in Chrysanthemum [17] , Arabidopsis [18] , pigeon pea [19] , Medicago truncatula [20] , Chinese cabbage [21] , and soybean [22] , respectively. Some members of Dof TF family have been extensively studied from a variety of plant species. AtDOF4.7 has been identified to play a role in floral organ abscission in Arabidopsis [23] . PpDof1 serves as transcriptional repressor and is involved in the growth of nutrient-dependent filament in Physcomitrella patens [24] . BnCDF1, a member of Dof family TF, takes part in regulating the flowering time and freezing tolerance in Brassica napus [25] . Overexpression of PpDof5 gene from maritime pine in transgenic Arabidopsis enhances the content of lignin [26] . The transgenic rice plants hosting OsDof12 gene exhibit a change of plant architecture 2 International Journal of Genomics [27] . Meanwhile, the expression of CaDofs in response to abiotic stress was observed in pepper [28] .
Tea plant (Camellia sinensis (L.) O. Kuntze) is native to East Asia, which is probably originated from the northern part of the Burma, Yunnan, and Sichuan of China [29] . Tea plant is an important commercially valuable economic crop and has been cultivated for at least 2000 years in China [30] . Tea is an aromatic beverage and usually made of the leaves of tea plant. Moreover, numerous researches have revealed that tea is helpful to human health. Green tea could reduce the risk of cardiac injury following ischemia because of its excellent source of antioxidants [31] . Additionally, the extracts of tea could be used as medicine for treatment of neurodegenerative diseases [32] , a neuroprotective agent for Parkinson's disease [33] . The leaves of "Yingshaung" are green. "Huangjinya" is a spontaneous mutant, and its leaves are pale yellow. Plants growth and production are greatly affected by abiotic stress conditions (i.e., high/low temperatures, high salinity, and drought). The regulation of Dof TFs in response to abiotic stress has been investigated in other plants. Some researchers have also analyzed other TFs families in tea plant [34, 35] . There is, however, the regulatory mechanism of Dof TFs in tea plant which is not completely understood till now.
Our work aimed to investigate the Dof TFs in tea plant. In this work, a total of 29 CsDof genes were identified from the transcriptome database of tea plant. Then, the phylogenetic relationships and motifs were also analyzed. Additionally, quantitative real-time PCR (qRT-PCR) was performed to detect the expression profiles of CsDof genes in two cultivars of tea plant ("Yingshuang" and "Huangjinya") under four abiotic stress treatments (salt, drought, 38 ∘ C, and 4 ∘ C). Our results extensively studied Dof TFs in tea plant. The results provide insights into CsDof TFs in tea plant and offer useful resource to improve the resistance to abiotic stress in tea plant.
Materials and Methods
2.1. Materials. C. sinensis cvs. "Yingshuang" and "Huangjinya" were cutting seedlings from 5-year-old tea plants and cultivated at Nanjing Agriculture University, Nanjing, China (32 ∘ 02 N, 118 ∘ 50 E, altitude 20 m above mean sea level) in December 2014. The plants were grown in a chamber in a mixture of vermiculite and organic (1 : 1; v/v) and acidic soil (pH 5.6) at 25 ∘ C. The plants were exposed to stress treatments (4 ∘ C and 38 ∘ C temperature, salt, and drought), and then tea plant leaves were harvested at three treatments time points (0, 2, 8, and 24 h). All specimens were selected from the visible maturity of tea plant leaves and immediately frozen in liquid nitrogen and stored at −80 ∘ C before experimental analysis. [36] . The sequences of Dof genes of tea plant were searched from the annotation information of C. sinensis transcriptome [37] .
Sequence Analysis and Phylogenetic Tree Construction.
The conserved motifs of Dof factor sequences were identified using MEME (version 4.10.2) (http://meme-suite.org/) [38] . The parameters of MEME suite were set as follows: maximum number of motifs was 30; the other options of parameter were the default. The open reading frames (ORFs) and the translation of sequences were analyzed using BioXM version 2.6 (the Conserved Domains of sequences were identified using Blast https://blast.ncbi.nlm.nih.gov/Blast.cgi). The predicted protein-protein interactions were constructed by using STRING (version 10.0) (http://string-db.org/) [39] . The database of A. thaliana was selected for organism of STRING. The heat map was illustrated by using HemI 1.0 software (http://hemi.biocuckoo.org/faq.php) [40] . DNAMAN version 6 .0 was performed to analyze the sequence alignments between the Dof TFs in Arabidopsis and C. sinensis. The phylogenetic tree was analyzed and constructed by using the bio-software MEGA version 5.0 and Clustal W [41, 42] .
qRT-PCR Analysis.
A total of 8 genes were selected from Dof family of tea plant, and then specific primers of these genes for qRT-PCR were designed using Primer Premier version 6 ( 
Results

Identification and Analysis of CsDof TFs.
A total of 29 putative CsDof genes have been found on the basis of our transcriptome database of tea plants and were numbered from CsDof1 to CsDof29 (Table S1 and Figure 1 ). These Dof TFs from tea plant and Arabidopsis were divided into 9 subgroups (A, B1, B2, C1, C2.1, C2.2, C3, D1, and D2) on the basis of the classification of Lijavetzky [18] (Figure 2 ). proteins had various confidence levels, a total of 13 CsDof family proteins had nonspecific hits, and 16 CsDof family proteins had specific hits.
Conserved Domain Discovery of CsDof
Motif Discovery of CsDof TFs.
The specific motifs of CsDof TFs were indicated by MEME program, and a total of 30 motifs were found from C. sinensis (Figures 4 and 5) . Each of these CsDof TFs had an E-value less than 10. CsDof-24 contained 16 motifs, which contained the largest number of motifs. Only one motif was contained in CsDof-18, CsDof-9, and CsDof-11, respectively. Most of CsDof TFs contained motif 1 in the Dof domain region. The motifs in Class C2.1 were similar to that in Class C1. Motif 4, motif 5, and motif 17 only existed in Class D2. constructed ( Figure 6 ). Dof TFs in 21 species were compared, including C. sinensis. There was a notable difference among different species in the classification of Dof TFs. Moreover, the number of Dof TFs in land plant was higher than that in algae.
Evolution of the Dof TFs Family among
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The Interaction Network of Dof TFs between C. sinensis and Arabidopsis.
The predicted protein-protein interactions were constructed associated with Arabidopsis by using the amino acid sequences of CsDof TFs from C. sinensis (Figure 7) . Different line colors represent the types of evidence for the association. Similar proteins of CDF2 (Cycling Dof factor 2) and AT1G69570 played a role in regulating a photoperiodic flowering response, as well as CDF3 (Cycling Dof factor 3) in A. thaliana. The amino acid sequence of CDF2 showed a high similarity to the three CsDof TFs (CsDof-28, CsDof-20, and CsDof-17). AT1G69570 showed a high similarity to CsDof-21 and CsDof-29. AT5G65590 bound specifically to a 5 -AA[AG]G-3 consensus core sequence. In addition, NAC020 was a domain containing protein.
There was a complicated interaction between NAC020 and six CsDof TFs (CsDof-8, CsDof-2, CsDof-4, CsDof-9, CsDof-14, and CsDof-7).
Expression Profiles of CsDof Genes in Four Tea Plant Cultivars. RNA-seq data was extracted from transcriptome database and used to visualize expression information of 29
CsDof genes in four tea plant cultivars [37] , and then the heat map was constructed ( Figure 8 ). RPKM (reads per kilobase per million mapped reads) values of 29 CsDof genes were analyzed in the four cultivars, including "Yunnanshilixiang," "Chawansanhao," "Ruchengmaoyecha," and "Anjibaicha." T1 represents "Yunnanshilixiang," T2 represents "Chawansanhao," T3 represents "Ruchengmaoyecha," and T4 represents "Anjibaicha". Blue represents high expression level, and black represents slight expression level. Notably, CsDof-9 and CsDof-18 were not detected in the four tea plant cultivars. Most of the CsDof genes were more highly expressed in T1 and T2 than that in the other two cultivars (T3 and T4). CsDof-2 showed the highest RPKM value (111.53) in T2. The expression levels of same genes were similar in different Multi-domains
Multi-domains
Multi-domains cultivars. For instance, CsDof-7 was expressed similarly in T1 and T2, as well as CsDof-17 and CsDof-5. Furthermore, different genes showed a similar expression level in the same cultivar were also observed. 
Expression Analysis of CsDof Genes under
High Temperature (38
Thetranscript levels of most of the selected CsDof genes were significantly decreasing under high temperature treatment in "Yingshuang." However, CsDof-8 gene increased firstly and then peaked at 8 h in "Yingshuang." CsDof-2 decreased firstly and then peaked at 8 h in "Yingshuang." Expression patterns of CsDof-10 gene rapidly declined to a low level at 2 h and then decreased gradually. High temperature stress upregulated the expression level of CsDof-9 gradually in "Huangjinya" and downregulated in "Yingshuang." All the expression levels of CsDof genes peaked at 24 h in "Huangjinya," except for CsDof-10 ( Figure 9 ).
Low Temperature (4
∘ C) Treatment. The CsDof-10 was downregulated by low temperature treatment, which decreased rapidly at 2 h and then decreased gradually in "Yingshuang." The expression level of CsDof-10 declined to a low level gradually at 2 h, which was similar to the control in "Huangjinya." There was a similar downward trend observed between CsDof-8 and CsDof-2 in "Yingshuang," which declined firstly at 2 h and then decreased to the minimum level at 24 h. The transcript levels of CsDof-8 and CsDof-22 increased gradually, peaking at 5-fold and 2-fold at 24 h relative to the control in "Huangjinya," respectively ( Figure 10 ). 
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High Salt (0.2 M NaCl) Treatment.
The expression trend of CsDof-7 was similar under salt treatment in "Yingshuang" and "Huangjinya," which both decreased to the minimum level at 8 h. Meanwhile, the expression levels of CsDof-8 and CsDof-2 were similar in "Yingshuang" and "Huangjinya." The transcript level of CsDof-13 peaked at 2-fold at 2 h relative to the control and then decreased gradually in "Yingshuang" (Figure 11 ).
Drought (200 g⋅L
−1 PEG) Treatment. All the expression levels of CsDof genes peaked at 2 h in "Huangjinya" under drought treatment. CsDof-7 showed a low transcript level at 8 h, which was similar to the control in "Yingshuang." The transcript level of CsDof-13 increased gradually and peaked at 5-fold at 2 h relative to the control in "Huangjinya". CsDof-8 increased gradually and peaked at 2 h and then decreased to a low level at 24 h in "Huangjinya" (Figure 12 ). 
Discussion
Tea plant is increasing subjected to abiotic stresses that are caused by nature during its growth and development, such as high or low temperature, salinity, and drought. These abiotic stresses have been the primary cause that leads to crop loss. The quality of tea plant has been affected by these abiotic stresses. These stresses were also accompanied by oxidative stress and might have a certain damage to the functional and structural proteins [44] . As a main source of tea beverage, tea plant should contain the excellent characteristic that has a tolerance to abiotic stresses of environment. Thus, it is intriguing and significant to analyze the TFs that are related to abiotic stresses. It might provide theoretical basis of breeding targets for tea plants.
In the present study, the tea plant transcriptome provides an important resource to analyze the regulatory roles that response to abiotic stresses in tea plant. A total of 29 CsDof TFs were identified, thereby discussed extensively by analyzing the classification as well as structure and function. The conserved domains of CsDof TFs sequences were identified, suggesting that CsDof TFs were characterized by a particular zinc finger domain. These results agreed well with the previous reports [45, 46] . Phylogenetic analysis of CsDof TFs was constructed and classified into 7 subgroups (A, B1, B2, C1, C2.1, C2.2, and D2), which directly reflected that Class D2 contained the largest number of CsDof TFs, indicating that Class D2 was one important class of Dof TFs in tea plant. The evolution of the Dof TFs in other plant species and tea plant was analyzed, and tea plants belonged to vascular plants. In the course of evolution, most of the vascular plants have developed some mechanisms to adapt to abiotic stresses [47] . In the green unicellular alga Chlamydomonas reinhardtii, CrDof1 has been identified and as the first ancestral of Dof factor [48] . Although the major cause of the evolution process of CsDof genes in plant is unknown, some efforts have been reported that Dof genes multiplied during ancient days before the diversification of angiosperms [7] .
The presence of conserved motifs among the Dof genes was investigated using MEME. There were some specific motifs in one class. For instance, motif 4, motif 5, and motif 17 were present only in Class D2, suggesting that these motifs were specific to the evolution of some members in Class D2. Recent research have showed that several motifs were confined to one Dof class [49] . Moreover, the change of conserved motifs among the new Dofs played a crucial role in the formation of the distinct subfamilies [48] . The similar motifs were included in the same class of CsDof genes, which might suggest that the conserved motifs and phylogenetic analysis of CsDof genes were mutually supported.
Dof proteins has been shown to interact with other proteins [8, 50] . The predicted protein-protein interactions between CsDof TFs and the database of A. thaliana were constructed. The sentence of CsDof-7 had high identity to OBP2, and other research has shown that OBP2 contains an asparagine-rich domain as well as response to auxin in Arabidopsis [8] . Previous research has provided evidence that OBP2 plays a role in regulating glucosinolate biosynthesis in Arabidopsis [16] . We found an interaction among ABA1 (ABA deficient 1), CsDof-19, and CsDof-26, which might suggest that a regulating mechanism was present among them. STO (salt tolerance protein) might act as a transcription factor in salt-stress response, and an interaction between STO and CsDof-22 was present. Thus, we might speculate that CsDof-22 play a role in salt-stress response. In addition, an interaction between ABA1 and CsDof-22 was found. The result showed the important role which ABA1 played in the ABA (abscisic acid) biosynthesis from STRING, indicating that CsDof-22 may play a similar role in ABA biosynthesis. Required for resistance to osmotic and drought stresses, there was an experimental result showing that ABA plays a role in resisting drought stress [51] . Therefore, CsDof-22 might participate in the regulation of salt-stress stimulation with different expression levels in "Yingshuang" and "Huangjinya."
The expression profile of genes is associated with their functions. In this study, firstly, a heat map of CsDof genes was drawn and analyzed among four cultivars; these were produced from different areas with different environmental conditions [37] . Research has reported that nine of 36 Dof genes show a high expression level in different tissues of the Arabidopsis root [52] . For instance, AT3G21270 showed a higher expression level in root cap of Arabidopsis root. CsDof-2 displayed a higher expression level in T1 than that in other tea plants. Moreover, we indicated that AT3G21270 and CsDof-2 belonged to Class A in the phylogenetic analysis. Regulation of Dof genes in response to different types of abiotic stress has been proved. For instance, Arabidopsis transgenic plant overexpressing SlCDF1 or SlCDF3 genes showed a markedly improved resistance to drought and salt [53] . Dof TFs have been reported to participate in the response to abiotic stress [21, 54] . The expression levels of eight Dof family genes were investigated under four stresses by using qRT-PCR. Under high and low temperature stresses, most CsDof genes showed downregulated expression levels in "Yingshuang." However, the expression patterns were upregulated in "Huangjinya." The results might exhibit that the expression levels of CsDof genes were notably different between "Yingshuang" and "Huangjinya" and were slightly influenced by extreme temperature stresses. Under salt stress, most CsDof genes showed downregulated expression levels in "Yingshuang" and "Huangjinya." All the CsDof genes were minimally expressed at 8 h and then increased in "Huangjinya" under salt stress, which might suggest that CsDof genes are similarly expressed in response to salt stress in "Huangjinya." In total, these results might improve our understanding of Dof TFs from tea plants and might play a potential role in tea plant stress resistance.
Conclusion
In conclusion, a total of 29 putative Dof TFs were identified from transcriptome of tea plant and divided into 7 groups. All of these Dof TFs contained the conserved domain. Furthermore, we found that protein-protein interactions were present among CsDof TFs and other proteins in Arabidopsis.
